A cell suspension culture of a Vitis hybrid converted quercetin to six glucosides. Their structures were identified as quercetin 3-0-/?-D-glucopyranoside,
In the last two decades it has been demonstrated that cell cultures of a wide variety of higher plants possess the ability to glycosylate many administered compounds1~7) even if they are not contained in the parent plants. 5'7) In this biotransformation study, we chose quercetin as an aglycone because it is one of the most popular flavonoids that have been found to have many kinds of biochemical and pharmacological activities.8~14) Recently it was reported that the angiotensin-converting enzyme, which regulates blood pressure, was inhibited in vitro by quercetin glucosides such as quercetin 3-0-glucoside and quercetin 3-(9-(2"-0-galloyl)-grucoside.15) Many other flavonoid glycosides including quercetin 3-0-rutinoside (rutin) were also known to have hypotensive effects in vivo.16~18) It is important to get more detailed knowledge of glycosylation and to improve this characteristic trait of plant cell cultures for the efficient production To whomcorrespondence should be addressed. 3283 of useful glycosides. Thus, we intend to develop a wayto convert quercetin into somevaluable glycosides efficiently by Vitis sp. suspension cultures, which were shownto be one of the best catalysts as far as we had tested in being able to produce various kinds of glycosides from quercetin. This paper describes, as a first step, the structure identification and course of formation of six glucosides produced from quercetin by this strain.
Materials and Methods
Plant material and tissue culture. A cell strain producing no anthocyanins, which was originally derived from anthers of a grape, a Vitis hybrid19"20) and maintained for over 10 years, was used in this study to analyze glucosylated products from quercetin correctly without interference by anthocyanin pigments. The cultivation methods was the same as the anthocyanin-producing strain described in a previous paper.19) Biotransformation. A suspension culture (about 2 g fresh weight (FW)) from the late exponential growth phase was incubated (300 rpm, 2-cm stroke, 30°C) in a test tube (10ml medium) including lOmg ofquercetin for two weeks. Cells were harvested on filter paper and extracted with methanol for 24hr. Samples of the extract were used directly for HPLC analysis. In the large-scale cultivation using a 3-1 jar fermentor (2 1 medium), cells at the late exponential growth phase (about 400g FW) were incubated with quercetin (3g) for two weeks at 30°C and at a constant aeration rate and agitation speed of 1 vvmand 100rpm, respectively. After the methanolextract was concentrated in vacuo, the residue was diluted with water and defatted with hexane.
Isolation of glycosylated products. The concentrated extract after eliminating lipids was chromatographed on a Sephadex LH 20 (Pharmacia) column using a
MeOH-H2O(8 : 2) system to afford 4 fractions (fractions I, II, III, IV). Each fraction was further separated by preparative HPLC to give six purified glycosides (compounds 1-6).
Hydrolysis of compound 1-6. Each glycoside (0.5-1 mg) was refluxed in 2 n HC1for 1 hr. The aglycone was extracted with isoamyl alcohol and identified by HPLC (compounds 1, 3, 5) or by FD-MS, IRin addition to HPLC (compounds 2, 4, 6) . The aqueous layer was analyzed on silica gel TLC with 1-butanol-ethanol-water (60: 16.5:28.5 ) solvent system and the sugar moiety was detected with anisaldehyde/sulfuric acid.
HPLCsystem and paper chromatography. The samples analyzed were put into the HPLC system (Shimadzu, LC-6A) fitted with a 4.6 x 250mm SensyuPak ODS-1251-S column (Sensyu) and eluted at 1.5 ml/min from 0 to 20min
with an isocratic solvent system of water-acetic acidmethanol (3: 1 :6, v/v/v Duplicate methanol extracts were put into the quantitative HPLCsystem. The yields of the products were calculated on the basis of the peak area and are expressed as a percentage relative to the total amount of added quercetin.
Results and Discussion
Structure ofglycosylatedproductsfrom quercetin A typical HPLC elution profile of the concentrated methanol extract is shown in Fig.   1 , which was obtained from a cell suspension culture of Vitis sp. fed with quercetin and subsequently incubated for two weeks before harvest. Six glucosylated products (compounds [1] [2] [3] [4] [5] [6] can be observed on the elution profile. A large scale cultivation with a 3-1 jar fermentor was done to obtain sufficient amounts of these compoundsfor structure identification. After biotransformation the concentrated methanol extract was separated by Sephadex LH-20 column chromatography to give four fractions (fractions I, II, III, and IV). Each fraction was repeatedly chromatographed on preparative reversed-phase HPLCuntil it gave a single peak on the analytical level. Fractions II, III and IV each consisted of only one compound, 3, 6, and 5, respectively, and fraction I yielded compounds 1, 2, and 4. After acid hydrolysis compounds 1, 3, and 5 yielded quercetin as aglycone, while compounds 2, 4, and 6 yielded isorhamnetin, which was identified by FD-MS, IR spectra, and HPLCanalysis. Glucose was Conditions for analysis were described in Materials and Methods. X, unidentified triglucoside. The 6>r//z6>-dihydroxyl group in the B-ring of compound1 was confirmed on the basis of band I in the A1C13 and A1C13/HC1 spectrum as well as the NaOAc/H3BO3spectrum. Band I, which appeared at 400nm in the NaOMe spectrum, further indicated that the 4'-hydroxyl group was free and the 3-hydroxyl group was substituted. The fact that band II in the NaOAcspectrum showed only a +2nm bathochromic shift indicated that the 7-hydroxyl group was substituted.
The glycosidation site was also deduced from 13C-NMR spectral data (Table II) .23) Only the C-3 and C-7 signals were shifted up field by 2.1 ppm and 1.1 ppm respectively in comparison with quercetin. These changes confirmed that the quercetin was substituted at C-3 and C-7. The down field shifts ofC-2, C-4, C-6, and C-8 signals also supported this assignment. The coupling constant (/=7.5Hz) between H-l glucose and H-2 glucose indicated that the linked sugars at both sites were^-configuration. The pyranoside form of the sugar was established on the basis of 13C-NMRspectral data.24) The^-configuration and the pyranoside form of the sugars were the same for compounds 2-6. All of the above results showed that compound 1 was quercetin 3 ,7-di-0-/?-D-glucopyranoside. hydrolysis. Band I in the NaOMe spectrum and band II in the NaOAcspectrum indicated that 3-hydroxyl and 7-hydroxyl groups were both occupied for the same reason described for compound 1.
The 13C-NMR spectrum of compound 2 showed signals at 162.8, 133.3, and 149.6ppm attributable to the C-7, C-3, C-3' and the chemical shifts of these signals were in accord with the structure in which C-3' was a methyl ether and C-7 and C-3 were replaced by glucose moieties. A signal attributable to the methoxyl group was observed at 55.7ppm. Compound 2 was therefore identified as isorhamnetin 3 ,7-di-0-/?-D-glucopyranoside.
FD-MS spectra of compounds 3 and 4 showed the presence of peaks due to the hydroxyl group at C-7. Band I in the NaOMe spectra suggests a substituted hydroxyl group at C-3. The locations of the glucose moieties of compound 3 were at the C-3 and C-4' position by 13C-NMRanalysis that showed the C-3 and C-4' signal shifted up field compared with quercetin or isoquercitrin (compound 5).
In the case of compound 4, the 3-hydroxyl was and the absence (compound 6) of the orthodihydroxyl group in the B-ring. Band I in NaOMespectra of both compounds showed that the 4'-hydroxyl was free and the 3-hydroxyl was substituted. In addition band II in NaOAc demonstrates a free hydroxyl group at C-7 of both compounds. The location of the glucose moiety of compounds 5 and 6 was determined to be at the C-3 position by 13C-NMRanalysis that showed the C-3 signal shifted up field by about 2 ppm in comparison with each aglycone. The signal ascribable to the methoxyl group was observed at 55.7ppm
in compound 6. Compounds 5 and 6 were therefore identified to be quercetin
respectively. The structures of compounds 1-6 are summarized in Fig. 2 .
Course of glucosylation
To study the glycosylation pathway, the course ofquercetin conversion was investigated (Fig. 3) . Only a small amount of quercetin (0.5mg/10ml medium) was added at zero time so as to be able to observe the increase and decrease of glycosylated products. Quercetin 3-0-glucoside dramatically increased for 24 hr at the conversion ratio of 31% and then gradually decreased. The decrease of quercetin Isorhamnetin 3, , and an Unidentified Glucoside ( x ).
3-monoglucoside
was associated with the increase of quercetin 3,7-di-(9-glucoside and 3,4/-di-0-grucoside.
These compounds attained the maximal yield (7% and 15% respectively) after 3-4 days. A new product appeared and increased after the amount of both diglucosides reached the maximum. This product was proposed to be triglucoside judged from the retention time on reverse-phased HPLC( Fig.  1 ) but its structure was not identified in this study. The results presented here illustrate that 3-0-glucoside, converted from the quercetin added, was glucosylated to give 3,7-and 3,4'-di-0-glucosides, which may be further glucosylated to an unidentified triglucoside.
Although the amount of isorhamnetin glucoside was smaller by far than that of quercetin glucoside, the same rise and fall relationship was observed between isorhamnetin monoglucoside and diglucoside. Although the enzymatic reaction that converts quercetin to quercetin 3-0-glucoside was confirmed easily in vitro, neither reaction of methyl transfer from no-radiorabelled S-adenosylmethionine to quercetin nor to quercetin 3-0-glucoside could be detected when using a direct HPLC detection system. Therefore we were not able to clarify at this point what is the precursor of isorhamnetin 3-0-glucoside.
In conclusion it was shown that grape suspension cultures converted quercetin to six kinds of glucosylated derivatives, that is, 
